Sterols are essential to insects because they are vital for many biochemical processes, nevertheless insects cannot synthesize sterols but have to acquire them through their diet. Studies of sterols in ants are sparse and here the sterols of the weaver ant genus Oecophylla are identified for the first time. The sterol profile and the dietary sterols provided to a laboratory Oecophylla longinoda colony were analyzed. Most sterols originated from the diet, except one, which was probably formed via dealkylation in the ants and two sterols of fungal origin, which likely originate from hitherto unidentified endosymbionts responsible for supplying these two compounds. The sterol profile of a wild Oecophylla smaragdina colony was also investigated. Remarkable qualitative similarities were established between the two species despite the differences in diet, species, and origin. This may reflect a common sterol need/aversion in the weaver ants. Additionally, each individual caste of both species displayed unique sterol profiles.
Insects cannot perform de novo sterol synthesis but must obtain sterols via their diet or microbial symbionts. Sterols are, nevertheless, vital to insects because they serve important functions as lipid membrane components, developmental process regulators, and hormone precursors [1] . An example of Figuresteroid hormones is the moulting hormones (ecdysteroids), for which cholesterol is often the precursor [2] . Zoophagous insects usually obtain cholesterol directly from their diet and utilize this molecule as a precursor for ecdysteroids whereas phytophagous insects obtain phytosterols instead (characterized by C24 alkyl substituents) [1] . Insects may dealkylate plant sterols and thereby metabolize them into cholesterol, which can then serve as a precursor for ecdysteroids. All phytophagous and omnivorous insects were previously thought to be capable of dealkylation, whereas zoophagous insects were believed to have lost this ability [2] . However, as more insect species were investigated such generalizations became increasingly difficult.
Investigations of sterols have only been performed on a few ant species. Presently the only detailed investigation of both dietary sterols and the sterol profile of the ant have been performed on the leaf-cutting ant Acromyrmex octospinosus (Reich), feeding on plant material and cultivated fungi. In this ant the sterol profile of the diet was reflected in the body with major sterols originating from the fungal symbionts [3] . Another leaf-cutting ant Atta cephalotes isthmicola (Weber), feeding on a similar diet, does not dealkylate plant sterols either. This ant contains no cholesterol but utilizes plant and fungal sterols unchanged [4] . In contrast, the omnivorous fire ant Solenopsis invicta (Buren) has cholesterol as its main sterol but may utilize dietary plant sterols by dealkylation [5] . The predominantly zoophagous ant Formica exsectoides (Forel) primarily contains cholesterol and it probably utilizes dietary sterols without modifications [6] .
The weaver ant genus Oecophylla (Formicidae, Hymenoptera) comprises two species: the African O. longinoda (Latreille) and the Asian/Australian O. smaragdina (Fabricius) both feeding on insect prey and sugar from mutualistic Hemipterans [7] . A colony of weaver ants usually consists of a single queen, eggs, pupae, larvae, minor workers, and major workers (castes). In the mating season sexual castes are produced as winged males and queens (unmated queens) [8] . Here we identify for the first time the sterols of the weaver ant genus Oecophylla and elucidate the sterol profiles of the individual castes of a laboratory O. longinoda colony and a wild O. smaragdina colony. The dietary sterols (American cockroaches: Periplaneta americana L.) and the sterols of the Coffea arabica L. host plant of the O. longinoda colony were also analyzed and related to the ant sterol profiles. Thereby we have taken the first steps to elucidate the metabolism of sterols in the weaver ant genus Oecophylla and contributed new knowledge about the sterols of ants in general because this, to the best of our knowledge, is the first study of sterols in a strictly zoophagous ant. Table 1 shows the GC-MS data of 24 sterols of which 19 were found in the ant extracts ( Table 2 ). The sterol structures are displayed in Figure 1 . The identities of 11 out of 24 sterols were confirmed via standard additions of authentic analytical standards ( Table 1 ). The remaining sterols (labelled I-XIII in Table 1 and in the supplementary data) were identified based on their mass spectral fragmentation patterns and chromatographic retention characteristics ( Table 1) . These structure identifications are thoroughly described in the supplementary data. All the identified sterols followed the fragmentation patterns described by Rahier and Benveniste [9] and Goad and Akihisa [10] and MS spectra/chromatographic retention characteristics available in the literature [11] [12] [13] [14] [15] [16] . The structure labels refer to Figure 1 in which the number refers to the structure of the sterol nucleus and the letter to the structure of the sidechain; b Retention time relative to cholesterol. c Identification confirmed via standard addition of authentic analytical standards.
Out of the 16 sterols identified in O. longinoda the four conjugated sterols (steryl esters, see supplementary data) and ergosterol, brassicasterol, and isofucosterol were not found in the diet (Table  2 ). Isofucosterol was found in the C. arabica host plant. No records of the ants feeding on their host plants can be found in the literature and this behavior has not been observed in our laboratory colony thus the host plants seems not to be the source of isofucosterol. Furthermore, cycloartenol and 24-methylcycloartenol were found in C. arabica, but not in O. longinoda. If the ants fed on the host plants, cycloartenol and 24-methylcycloartenol should accumulate in their tissue because insects are unable to metabolize 9,19cyclopropyl sterols [1] . Isofucosterol in O. longinoda may instead originate from dealkylation of the C24 ethyl group of sitosterol within O. longinoda [17] . As stated above, indications of sterol dealkylations have previously been reported from the omnivorous fire ant S. invicta [5] , but not from any zoophagous ants.
Brassicasterol and ergosterol were exclusively found in O. longinoda ( Table 2) . Ergosterol is the primary sterol of fungi, and brassicasterol is also found in several fungal species [18] . Both sterols have previously been reported from the fire ant S. invicta [5] whereas ergosterol has also been identified in two leaf-cutting ants [3, 4] . In the leaf-cutting ants the source of ergosterol is the fungi they cultivate for food [3] whereas ergosterol in S. invicta originated from endosymbiotic yeasts located in the midgut [5] . This endosymbiont did not produce brassicasterol. Ba et al. [5] instead concluded that this sterol was formed from ergosterol by reduction of the Δ 7 (C7-C8) double bond. This reduction can occur inside the ants upon uptake because insects are capable of metabolizing sterols by reducing the Δ 7 double bond [19] . The identification of ergosterol and brassicasterol in O. longinoda (and O. smaragdina) therefore suggests that weaver ants have hitherto unidentified endosymbionts responsible for producing some of their sterols because weaver ants, unlike the leaf-cutting ants, are not known to cultivate fungi. The steryl esters (conjugates) exclusively found in O. longinoda (Table 2 ) constituted ~13 % of the sterols in the worker castes and 0.08 % in the males (supplementary data). Insects readily esterify and de-esterify sterols but the role of esterification remains unclear although it may serve as a temporary storage mechanism [1, 19] . The three sterols primarily found as conjugates in O. longinoda were of the sterols supplied in the highest amounts by their diet (cholesterol, sitosterol, campesterol, see supplementary data). This may explain why these particular sterols were found as both free sterols and steryl esters. 
In both weaver ant species cholesterol was the major sterol as it often is in zoophagous insects. With the exception of 24methylcycloartenol and 7-dehydrocholesterol, all sterols have previously been identified from other ant species [5, 6] . The sterolic profiles of the laboratory O. longinoda and wild O. smaragdina colonies were qualitatively very similar, and both contained a variety of minor sterols ( [5, 6, 20] ; hence, the sterols of this weaver ant species may have been supplied via its insect diet. The high qualitative similarity between the sterol profiles of the two weaver ant species may therefore reflect that the sterols found are widespread in the diet/insect prey of both species. However, the profiles shared such striking similarities that this result may instead reflect a common sterol need/aversion in the weaver ants. Minor dietary sterols have previously demonstrated both positive and negative effects on insects even when the insects were kept on artificial diets otherwise tailored to the insects need for suitable sterols. For instance, larvae of the grape berry moth Lobesia botrana (Denis & Schiffermüller) with a mutualistic relationship with the phytopathogenic fungus Botrytis cinerea (Pers.) displayed reduced mortality and reduced duration of development when their artificial diet was supplemented with B. cinerea sterols [21] . Larvae of the scavenger beetle Dermestes maculatus (Deg.) in contrast showed reduced growth and increased pupation time when its artificial diet was supplemented with different phytosterols (0.1 %) at 35 % relative humidity [22] . Grasshoppers cannot metabolize Δ 7 and Δ 22 sterols and when this type of sterols were supplemented (0.05 %) to the artificial diet of Schistocerca americana (Drury) nymphs these failed to complete development [23] . The authors ascribed this result to the unsuitable sterols having a negative impact either by compromising the structural integrity of the cell membranes when these sterols were incorporated or the unsuitable sterols interfering with hormone production. Grasshoppers as well as other insects are unable to prevent absorption of unsuitable sterols despite metabolic constraints but grasshoppers have proven to develop aversions to food sources containing unsuitable sterols [23] . The very similar sterol profiles of the two weaver ant species in this investigation calls for further experiments aiming to clarify if similar mechanisms are functioning in the weaver ants and whether the minor sterols in the ants' diet affect their development and fecundity.
Based on the number of sterols identified, the most varied sterol composition was found in the worker castes of both O. longinoda and O. smaragdina ( Table 2 ). In O. longinoda none of the free sterols were exclusive to one caste or to either the workers or sexuals but the conjugates, except for conjugated cholesterol, were only identified in the workers. In O. smaragdina, cholestanol, was present in all castes except the unmated queens, cycloartenol, and 24-methylcycloartenol were restricted to the worker castes, whereas conjugates of sitosterol and campesterol were exclusive to the major workers and unmated queens of this species. The principal component analysis (PCA) revealed that each of the castes displayed unique sterol profiles in both species (Fig. 2) . Although no sterols were unique to the males of O. longinoda the PCA showed that this caste was characterized by higher levels of 22dehydrocholesterol, isofucosterol, campesterol, and cholestanol compared with the workers (Figure 2) . The major and minor workers were primarily differentiated by higher levels of sterol conjugates and ergosterol in the majors and higher levels of 7dehydrocholesterol, cholesterol, and stigmasterol in the minors.
For O. smaragdina the males, unmated queens, and larvae displayed more similar profiles compared with the workers and these were characterized by lower sterol contents than the workers (Figure 2 ). Overall the sterols instigating the differentiation of castes in O. smaragdina were less straightforward than in O. longinoda but it was evident that the two sterol conjugates exclusive to the unmated queens and major workers of this species separated these castes from the other along the PC 2 axis (Figure 2 ). Two previous studies of the sterols of ants have reported differences in the sterol profiles of the individual castes. In contrast to the present study, Ba et al. [5] found the most complex sterol profile in the unmated queens whereas the least was found in the workers of the fire ant S. invicta.
Maurer et al. [3] did not report any sterols exclusive to the pupae compared with the workers in their investigation of A. octospinosus and in agreement with our findings, the most complex sterol profile was in the worker castes. Both of these studies also reported quantitative caste variations in the sterols which are in agreement with the findings of the present experiments (Figure 2 , supplementary data). No explanations for the qualitative and quantitative caste differences have been put forward to date. In conclusion, the sterol profile of O. longinoda could overall be traced to the diet (P. americana), suggesting that this ant utilizes dietary sterols without extensive modification except in the case where possible C-24 de-alkylation of sterols in the ants was found.
Thus it was noteworthy that the sterols of the O. longinoda laboratory colony were almost identical with those of the wild O. smaragdina colony and this observation may reflect a similar sterol need/aversion in the ants and thus warrants further scrutiny. In both species this first attempt to profile the sterols of ants by PCA revealed unique sterol profiles of the individual castes of both weaver ants. Two sterols of fungal origin were identified in both weaver ant species, but not in the diet; this suggest that weaver ants may have hitherto unidentified endosymbionts responsible for supplying these sterols. l. e 10 μL of the following FAME mix was added to 1 mL MSTFA: C8, C9, C10, C12, C14, C16, C18, C20, C22, C24, C26, C28 and C30 FAMEs in chloroform: C8-C16, 0.8 µg/mL; C18-C30, 0.4 µg/mL.
